'Hinge abduction' is a term used to describe the abnormal movement of the hip which occurs when the superolateral portion of a deformed femoral head impinges on the lateral lip of the acetabulum.
'Hinge abduction' is a term used to describe the abnormal movement of the hip which occurs when the superolateral portion of a deformed femoral head impinges on the lateral lip of the acetabulum. 1, 2 Its presence in Perthes' disease indicates a femoral head which is uncontainable and suitable only for a salvage procedure. Various procedures have been advocated for the management of the prominent lateral mass and hinge abduction. [3] [4] [5] [6] Quain and Catterall 7 showed that valgus extension osteotomy (VGEO) of the proximal femur produced satisfactory results in the short term. Our study extends and enlarges their original series by reviewing the clinical and radiological outcome of this procedure at skeletal maturity and examines the factors associated with favourable remodelling of the femoral head after operation.
Patients and Methods
The patients assessed were adults who had undergone VGEO for hinge abduction in Perthes' disease, confirmed by arthrography, before skeletal maturity for pain and limp. Fixed flexion and/or adduction deformities were usually present. The operation had been carried out in a standard manner. 8 The amount of valgus and extension required to correct the fixed deformities and to allow a minimum of 10° of abduction without producing unstable movement had been determined by preoperative arthrography. Weightbearing was restricted until union had been confirmed radiologically. We collected data from the case notes and evaluated the mature patients in person or by a semistructured telephone interview in order to obtain an Iowa Hip Score (IHS) 9 which was modified so that the 20 points available for absence of fixed deformity and range of movement were substituted by five points for the subjective range of movement based on daily activities. 10 The total out of 85 was then converted to a percentage. In the 22 hips for which both the IHS and the modified IHS were available, the latter gave values on average 2.6 points higher. Although this difference was small it was highly significant (paired Student t-test, p = 0.003). Hence the two versions of the IHS could not be used interchangeably and the modified score was chosen. Radiographs were examined to determine the stage of the disease and the Catterall group at the time of operation. 11, 12 Patients were regarded as skeletally immature when the contralateral capital femoral physis was open and as mature when there was bilateral closure of both these physes and the iliac apophyses. It was also noted whether the triradiate cartilage was open or closed. Quantitative and qualitative measurements of the morphology of the hip were made from preoperative arthrograms and from radiographs taken before operation and at maturity. These included the acetabular depth-to-height ratio, 13 the size of the femoral head, the percentage of acetabular cover, 14 the acetabular angle of Sharp 15 and the arthrographic index of Shigeno and Evans. 16 The last was measured by identifying the maximum transverse diameter of the deformed femoral head and its midpoint; the index is the ratio of the smallest distance between the articulating surface and the midpoint, and half the maximum diameter (Fig. 1) . The shape of the articulating surface of the femoral head was classified as flat, ovoid or spherical (Figs 2 and 3) . A spherical head was defined as one in which the diameters measured on anteroposterior and frog lateral views were within 2 mm of each other. 17 This allowed each case to be assigned a Stulberg class, which can be related to the long-term prognosis 14 ( Table I) . These subjective assessments were carried out independently by two of the authors (MJKB and AH-N) on two occasions. If there was disagreement the least favourable outcome was used for the final analysis. The presence of a lateral ridge was also noted and its size expressed as a percentage of the maximum horizontal diameter. Favourable remodelling was defined as an improvement in the shape of the femoral head from flat to ovoid or spherical, from ovoid to spherical, or by loss of the lateral ridge. Statistical analysis. We compared radiological measurements before operation and at maturity using paired Student The relationship between the IHS and onset of disease and duration was tested using Pearson correlation coefficients, and confidence intervals were calculated using Fisher's ztransformation. 20 The association between age of onset of disease and the Stulberg class was tested using a factorial analysis of variance with Fisher's protected least significant difference post-hoc testing. Survivorship analysis was carried out using the life- 
Results
A total of 49 patients (52 hips) satisfied the entry criteria and we were able to contact 47 (50 hips). Radiographs at maturity were available for 48 patients (51 hips) and the remodelling data were based on 46 hips for which a full set of radiographs and arthrograms were available. Of the two patients who could not be traced, one is included in the demographic and radiological study since full sets of radiographs were available up to the age of 18 years. Radiographs at maturity were not available for the other. Details of the patients are shown in Table II . The original radiographs were available in only 39 hips. The Catterall group is shown in Table III . Bilateral Perthes' disease affected eight patients (17%); the opposite hip was treated by VGEO in three patients who were included in this study, by proximal varus femoral osteotomy in one, and conservatively in the remaining four. Previous surgical treatment to the index hip consisted of varus femoral osteotomy in six, lateral shelf acetabuloplasty in two, Salter innominate osteotomy in two, cheilectomy in one and exploration to exclude sepsis in one.
The mean time from the onset of disease to VGEO was 3.5 years (0.5 to 10.5) and the mean age at operation was 13 years (7.6 to 17.9). Surgery was carried out during the stage of sclerosis in 8%, during fragmentation in 16%, at healing in 31%, and for residual deformity of the femoral head in healed disease in 45%. The triradiate cartilage was open in 59%. The mean correction obtained was 23° (15 to 45) of abduction and 20° (0 to 35) of extension. Two boys with group-III disease had a lateral shelf acetabuloplasy in addition to VGEO at the age of 13.5 and 15 years, respectively, because of their poor potential for remodelling and coxa magna. Fixation devices were removed from all except three hips at a mean of 2.4 years after surgery. Early complications. There were two cases of failure of fixation. The osteotomy was revised after two weeks in one patient because of loosening of the locking nut and subsequent failure of the Coventry fixation. 7 Slight loss of valgus correction occurred in one case after breakage of the Coventry screw between six and 12 weeks after operation. This was insufficient to justify revision. There were two superficial wound infections which resolved with oral antibiotic therapy. One stitch abscess associated with deep infection around the plate presented at five months. There were no cases of nonunion and no fractures occurred during or after removal of the plate.
Results at one year. Firm pronouncements on the relief of pain cannot be made in a retrospective study, but the operation improved pain and gait in most patients. One year after operation, pain was noted to be relieved in 56%, was occasional in 33%, and regular in 11%. The range of hip abduction was 10° to 45° (mean 23); 10° of fixed adduction recurred early in one patient in whom surgery had been undertaken during the fragmentation phase. Fixed abduction from overcorrection was not seen. Improvements in fixed deformity and the apparent leg length are shown in Table IV Table V . For the remaining 45 hips, the mean modified IHS was 86 (54 to 100) with only two patients unable to work because of problems with their hip. Twothirds (66%) described their sporting activities as unlimited and took no analgesics, 11% required them less than once a month, 7% more than once a month, a further 7% took them more than once a week, and 9% needed them daily. There were weak negative correlations between the IHS and the age at follow-up (r = -0.26, 95% CI -0.5 to 0.03, p = 0.07), the age at VGEO (r = -0.23, 95% CI -0.5 to 0.06, p = 0.12), and the time since the onset of the disease (r = -0.21, 95% CI -0.47 to 0.1, p = 0.18). There was no correlation between the IHS and the age of the onset of disease. Failure in the survivorship analysis was defined as a further major hip operation, namely repeat VGEO, THR or arthrodesis. The survivorship analysis is shown in Table VI and in Figure 4 . Radiological outcome. The reliability of the Stulberg grading and the subjective shape of the head as assessed from preoperative arthrograms and radiographs at maturity was substantial or excellent (Table VII) . Improvement in the shape of the head was found in 12 hips, there was no change in 32 and deterioration in two (Fig. 5) . Favourable remodelling was associated with a younger mean age at the time of operation (11 years compared with 13.58, p = 0.009), surgery carried out during the healing phase (chi-squared test = 7.6; p = 0.05) or when the triradiate cartilage was open (chi-squared test = 11.4, p = 0.007). It was not associated with age of onset of the disease or gender. In the two hips with unfavourable remodelling, the operation was carried out during the phases of sclerosis and fragmentation, respectively. A prominent lateral ridge was present before operation in nine hips (mean ridge ratio, 32%), but was only present at maturity in one. In three cases, unresorbed bone in the femoral head could be seen at arthrography to be grooving the acetabulum; after realignment this groove disappeared in all cases (Fig. 6) . The final Stulberg classification of radiographs before THR or arthrodesis, was grade II in 6 (12%), grade III in 16 (35%), grade IV in 13 (27%) and grade V in 12 (26%). Patients with grade-V hips had developed Perthes' disease at a mean of three years later (12.25 years; p = 0.004) than those in the other three grades. Quantitative measurements revealed that the normal physiological fall in Sharp's acetabular angle and acetabular cover, and the rise in the acetabular depth ratio with growth did not occur in the diseased hip (Table  VIII) . There was no significant change in the overall arthrographic index. For those patients in whom favourable remodelling had been demonstrated, however, the mean index increased from 0.65 to 0.76 (paired Student t-test; p = 0.02), whereas it fell from 0.63 to 0.59 (p = 0.23) in those in whom it had not.
Discussion
Hinge abduction in Perthes' disease results from lateral overgrowth of the femoral head outside the acetabulum. The large uncovered anterolateral segment impinges on the lateral lip of the acetabulum, moving the axis of rotation of the hip outside the bony acetabulum and producing pain, fixed deformity, and abnormal movement. Survival curve for valgus extension osteotomy with total hip replacement, arthrodesis or repeat osteotomy as the endpoint. Error bars show the 95% CI. Comparison of distribution of the shape of the femoral head before VGEO and at skeletal maturity.
disease treated by bed rest, progressive traction in abduction, and Petrie casts. Kruse et al 5 treated hinge abduction by lateral shelf acetabuloplasty after repositioning the weight-bearing portion of the femoral head within the acetabulum by longitudinal traction and progressive abduction for several weeks. Gradual abduction over the course of several weeks is a feature of both these methods and may be able to reduce a small soft lateral segment of the femoral head into the acetabulum. Such treatment is, however, time-consuming, applicable to only certain cases of active disease, and has an unpredictable outcome. The senior author's (AC) experience of cheilectomy is unfavourable, although it has been reported to have a limited role in older children in the late stages of the disease. 3, 4 It has the disadvantage of being an intracapsular procedure with no beneficial effects on leg length or abductor weakness. VGEO abolishes hinge abduction by restoring movement with the femoral head congruous in the neutral position of weight-bearing. This provides a better functional range of movement by correcting fixed deformities, and has a beneficial effect on leg length. bination of the moulding effect of a bony shelf with realignment by VGEO. However, both patients in this series who underwent this combined procedure did badly. This may reflect the severity of their pre-existing deformity of the femoral head. In addition to the presence of hinge abduction, the severity of disease in this cohort of patients is indicated by their mean age of nearly ten years at the onset of the disease, the grading of the disease (group III or IV), established fixed deformities and the low arthrographic index at presentation. The early results of VGEO in childhood are encouraging 7 with relief of pain and improvement in gait. In six hips there was a recurrence of fixed deformity and painful hinge abduction requiring repeat VGEO. The functional result at maturity was also satisfactory with most patients having good function and relief from pain. The severe deformities of the femoral head in the group posed special problems in the evaluation of radiographs to identify remodelling by existing methods. The Mose grading 17 was not useful because most femoral heads were far from spherical and, in itself, this does not provide an accurate prediction of the long-term prognosis for a hip.
14 For the same reason, it was rarely possible to measure the centre-edge angle. To assess remodelling it is important to use a system which can be applied to both preoperative arthrograms and plain radiographs at maturity. Stulberg et al 14 classified the shape of the femoral head as spherical, flat or non-spherical, with the non-spherical hips being described as ovoid, mushroom-or umbrella-shaped. This subdivision of non-spherical hips is unnecessary since the characteristics of the articulating surface are similar and correspond to Stulberg class III. We have therefore simplified this classification by describing all non-spherical hips as ovoid. Using this system, we have shown that favourable remodelling and improvement in the eventual Stulberg grade are associated with younger age, healing of the disease and an open triradiate cartilage at the time of surgery. This finding is unsurprising since these factors represent patients with the greatest remaining growth potential. The arthrographic index 16 has the advantage over Jonsäter's caput index, 23 of being more sensitive to superolateral flattening of the femoral head. Favourable remodelling is accompanied by an increase in the arthrographic index. This demonstrates that this measure can be applied to radiographs taken at maturity assuming a uniform thickness of articular cartilage. While some improvement in the shape of the femoral head is part of the natural history of the disease, we believe that realignment VGEO, which abolishes Hinge Abduction, increases the incidence and degree of remodelling. It has not been possible to compare the results of VGEO in Perthes' disease in this series with others since no similar group of such severely affected children has been studied. Furthermore, we feel that a trial comparing VGEO with conservative treatment would not be appropriate in view of the early relief from pain obtained by surgery.
Careful, frequent and regular follow-up is particularly important for older children with Perthes' disease in order to identify the decreasing range of abduction which accompanies lateral overgrowth of the femoral head. If hinge abduction develops and containment becomes impossible, VGEO is an effective salvage procedure, which can induce favourable remodelling of the hip when the triradiate cartilage is open. Our results suggest that the procedure should not be carried out simultaneously with a lateral shelf acetabuloplasty or during the stage of fragmentation.
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